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[57] ABSTRACT 

A reduced viewport feature for a graphics display sys- 
tem allows an operator to observe manipulations on a 
graphics display of video image planes that are wholly 
or partially outside a viewing area. A two-dimensional 
input image plane in the form of a wireframe is trans- 
formed to a three-dimensional image plane due to ma- 
nipulation, such as rotation and/or translation. The 
resulting three-dunensional image plane is subsequently 
mapped as a two-dimensional projection onto the 
graphics display. Transformation matrix coefficients are 
multiplied by a variable reduction coefficient to cause 
all points of the image plane to converge toward the 
center of the graphics display, resulting in the ability to 
view space which originally was not visible to the oper- 
ator on an output video monitor. 

9 CUims, 4 Drawing Sheets 
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FIG. 5 is a graphical representation of the mapping 
REDUCED VIEWPORT FOR GRAPHICS DISPLAY fimctions for the graphical display system of FIG. 2. 

FIG. 6 is a screen display without a reduced view- 
BACKGROUND OF THE INVENTION port. 

The present invention relates to graphics display ^ , HG. 7 is a screen display using the reduced viewport 
systems; and more particularly to a reduced viewport future of the present mvention. 
feature for a graphics display system that allows an DESCRIPTION OF THE PREFERRED 

operator to observe on a graphics display the manipula- EMBODIMENT 
tionofanimage which exists totally or partially outside ^ „ . . ^ «> 

the visible poRion of an output video monitor. ^^fe^S^Jg^F^Q' ^ ^ ^^^ff^ r!f,^i.f 

One function of a graphics display system is to manip- lOg^iown tovmgjiCOTtrgLp^^ 

date a twoKiimensional video image in a three^en- ^ opemormjerface^^ a controller 

siomd universe. Actually an operator manipulates a c^^u^t Rj^ejpntrollercircuit 14 provides cpptrol 
plane upon which the video image is projected. The sigmils to-^yggvideo proocssors jj^dtoa graphics 
image plane may appear in that portion of the three^i- display sysiemTS. The video processors 16 rece ive 
mensional universe dispUyed on the output video moni- ^V^^ vidagjuji^^ l>iicfa as video lape 

tor, or may be partially or totally outside the viewing recor ders, video cameras, character generators, matte 
area of the output video monitor. When the image plane generators an d the like, and in combination provide a 
is not completely displayed on the output video moni- „ frngToTOrot-^yftlW ICr diiimav. i ne graphics dispja y 
tor. the operator attempting to manipulate the image syst em 18 provid es a grapmcs output viaeo. ine giph- 
plane cannot observe completely the effect of the ma- ics output videQ^rifina] output video are mput to a 
nipulation until the image plane is brought totally mixer 20 which provides as an outpu t the fmal output 
within the viewing area of the output video monitor. video o nly, tlie graphics n ntnut virifto n nlv or m ahics 

What is desired is a reduced viewport that allows an 25 ""tpnt^gHgTTnvpr th^ pnal nntpnt virion Tn the present 
operator to observe the manipulation of the video image implementation when the graphics display 22 disp lays 
plane anywhere in the three-dimensional universe. the f i nal ou t p u t viUe u. eltliei wiin or witnout ine graph - 

ics out put, it flCli i as an output video monitor, umv 
SUMMARY OF THE INVENTION wh «rtEe"Saphics diSpiav 11 is displaying graphics 

Accordingly the present invention provides a re- 30 otlg ut only is the reduced viewp ort function of the 
duced ^ie Wtioil leaianr fe*i ' a Bja;jlilui; dihpl av"svs l5m pr ^nt invention activated. lUe iiiial output videu a li>0"^ 
that reduces the size of the normall y visible area on an is ii^t to a standard t elevision proouglion switcher 
nutptit' vid^ mnn t tn r tfl iHake visible o n a graph ics (not shoWSyTor further mlxtngag giiMli^l^"rOT^ d r 
displ ay tlie ffl ea outside the viewing area of th e output and display on an on/air video m onitor (not shown). 
videoTCgmtor. A_s et of 2-D input points is transtor med 35 Theoifttput- of themijt e r 3U is mpWX t o a gr a phlc ti di ^y 
into a .set-of5 =Prpomts that in turn is mapped as a pro- 22 sojhat an operator mav set the results of the manipu- 
jection into a set of 2-D output screen pomts tor the lation o f the various input vid eos, 
graphics di5play^Four_60me^-pom ts arc mapped f &^-a The graphics display system 18 has two modes of 
^^'•'■fi^^^'-ft^^fTrf;^"'^^ cp^^*> inty) t^" output operatio n as shown in MU. 2^eit her direct transfer. of 
y^T-f*^ fjj^pn by fi ffgments. The wire- 40 trans formation parameters from the controller circ uh 

frame r epresents an image plane upon which a video 14 to a worlcing buffer^H^- o r nm informat io n f orintct- 
picture is projected, the wireframe being manipulated polatm g between keyframes. The direct tr ft^Rfei* Qf 
under ccmtfol ol an operator. 1 he niapping4ua6tioa.is transformati on parame ters relavs anv chances in the 
scaled uitiiin ^ inaUlx muiUphc ation witlryvariable re- orien miDn inlormation made by the operator via^e 
duction c oefficient results in co nverging the set of 45 contrd T^el U using ajg ys ticK and/nr a keypad to the 
2-D nnt|iiit grwn y^i ^K tntwarfrili H iift iiter-of the wor king buffer 24 over tl^e control bus. The r un infor- 
graphics'ldisplay without changing the apparent per- mation provi des the on gatati nn o f tw o-keyfipames-afld- 
specti ve projection of th e set ofi-U hipul puin ls ; This an inhfttwftentnffMg?ficient to an input buffer 26, and an 
resultTm^ringing wireframes, or portions of~wire- inbetween algorithm 28 comp utes from the run inform a- 
frames, and other display parameters into view on the 50 tion a new-set-^^^^fonsstion-parameters for storage 
graphics display that were otherwise outside of the in the worlpilf=53fer^. 

viewing area of the output video monitor. Based upon the transformation parameters stored in 

The objects, advantages and other novel features of the working buflfcr 24, however originated, a two-di- 
the present invention are apparent from the following mensional projection generator algorithm 30 calculates 
detailed description when read in conjunction with the 35 rotation axis vertex and end points, a center of projec- 
appended claims and attached drawing. tion point and a two-dimensional mapping function, and 

, stores them in intermediate buffers 32, 34, 36. Grid 

BRIEF DESCRIPTION OF THE DRAWING cndpoints, prior to appUcation of the reduced viewport 
FIG. 1 is a block diagram of a digital video effects function, are constant regardless of the transformation 
device that has a graphical display system using a re- 60 parameters in the working buffer 24 since the grid end- 
duced viewport according to the present invention. points are already in the 2-D output screen space, and 
FIG. 2 is a block diagram of the graphical display are stored in a grid buffer 38. These grid endpoints 
system according to the present invention. define a grid for the viewing area of the output video 

FIG. 3 is a block diagram of a two-dimensional monitor that serves to demarcate the viewing area, 
graphics projection generator for the graphical display 65 These points and the mapping function from the 2-D 
system of FIG. 2. projection generator algorithm 30 refer to the two-di- 

FIG. 4 is a block diagram of a plot generator for the mensional projection onto the graphics display 22 of the 
graphical display system of FIG. 2. 2-D input points through a 3-D transformation. 
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A variable, user controlled, reduction coefficient where g is a mapping from the 2-D input space into the 

from the controller bus is stored in a coefficient buffer 2-D output screen. 

40 and applied as an input to a reduced viewport algo- The 2-D mapping function, g, in matrix form can be 

rithm 42 together with the points and mapping function represented by 
from the 2-D projection generator algorithm 30 and 3 
with ihe grid cndpoints. The resulting reduced view- 
port points and mapping function from the reduced 
viewport algorithm 42 arc stored in respective buffers 

44, 46, 48, 50 and have the effect of mapping all the \ c F ! \ 
points closer to the center of the graphics display 22. A 10 

wireframe buffer 52 contains constant wireframe comer To map an input point (u, v) to an output point (x,y) the 

input, which points are input to a wireframe mapping following matrix multipUcation is performed 
algorithm 54 together with the reduced viewport 2-D 
mapping function. The resulting mapped wireframe 

comers are stored in a reduced mapped wireframe 15 \ u}t\\*\ADC\ 

buffer 56. The reduced viewport points and the mapped \ b E h \^ 

wireframe comer points are input to a line and point \ c F J | 
plot algorithm 58 to produce the graphics output for 

display on the graphics display 22. The line and point \ Au + By-^ c Ou ^ E^ ^ F Cu •¥ Hv + l \ 

plot algorithm 58 provides the points between the re- ^0 . ^ ^ ,i . 

spectivc comers and endpoints to produce connecting To preserve the homogeneity of the system all three 

jIjj^ terms of the product matrix are divided byGu+Hv+I 

The 2-D graphics projection algorithm 30 uses the to produce 
transformation parameters from the working buffer 24 

to generate the 2-D maps, center of projection point and 25 '^^„+Ev+^^^^^^^^^ 1 1 
axis end points upon the graphics display 22. As shown 

in FIG. 3 3-p transformation data from the working ^ ^ (^^^^ coaesponding output 

buffer 24 is mput to a 3-D mappmg algorithm 60 to • ^ ^^^^^^^ ^ 
produce a 3-D center of rotation and a 3-D mappmg 

function in respective buffers 62, 64. The 3-D mapping 3^ x=(Au+Bv+C)/(Gu+Hv+I) 
function and the center of rotation are input to a rota- 
tion axis endpoint generator 66 to produce the rotation y«(Du+Ev+F)/(Gu+Hv+i) 
axis endpoints and vertex. The 3-D mapping function 

also is input to a 2-D mapping generator 68 together By multiplying the first two columns of the mapping 

with 2-D transformation data from the working buffer 35 function g by a reduced viewport variable coefficient R, 

24, such as the center of projection point, to produce the desired reduced viewport function is obtained. The 

the 2-D mapping function and the center of projection. matrix form of g becomes 

The plot line and point algorithm 58 as shown in FIG. 
4 takes a set of 2-D points to plot individual points and 

line segments between points, A plot vector algorithm ^ \ AR DR c \ 

70 is in the form of an incremental line plotting algo- \ BR ER Ji \ 

rithm where individual points are considered to be vec- \ CR FR I \ 
tors of length equal to one picture clement (pixel). The 

vectors from the plot vector algorithm 70 are stored in and the output points (x,y) become 
a video RAM 72. The scan lines in the video RAM 72 *5 

are organized in a progressive order to simplify plot- x=(ARu+BRv-f cr)/(Gu+Hv+I) 
ting. Adjacent scan lines therefore correspond to spa- 
tially adjacent scan lines on the graphics display 22, but y«(DRu+ERv+FR)/<Gu+Hv+i) 
aretemporally displaced by one television field diuing a . « 
display video algorithm 74. The video RAM 72 is read 50 By applying the reduced viewport coefficient R to the 
synchronously with the final output video signal from mapping function, all subsequent mappings are subject 
the video processors 16. The display video algorithm 74 to the same scalmg, 

processes the video RAM values through a grey scale The output of the graphics display system 18 is shown 

mapper to produce the digital graphics output video in nOS. 6 and 7 as a reduced viewport graphics only 
signal. The graphics output is converted to an analog 55 display on the graphics monitor 22. On the cathode ray 

white signal in the mixer 20 and linearly added either to display surface 80 of the graphics momtor 22 an outline 

the final output video or to a color black signal as se- W is shown which represents the viewing area of the 

lected by the operator. output video momtor. The outline 82 may include grid 

The actual manipulation of 2.D image planes in three W to demarcate the viewing area. The area of the 
dimensions is iUustrated in FIG. 5 and is perforaied by W display surface 80 outside the outline 82 represents the 

software operating within the graphics display system remaining "universe" within which an image plane 86, 

18. Let f be the transformation from a set of 2-D input represented by a wireframe, may be manipulated. The 

points, (u,v), into a set of 3-D points, (x',y',z'). Also let »ctual image plane 86 location may be wholly or par- 

p be the projection which maps the 3-D points into a set tia«y within the scene depicted by the ouUme 82, or 
of 2-D output screen poinu, (x,y); Then ^5 may exist entirely within the remaimng universe outside 

the outiine. The outiinc 82 as shown in FIG. 7 rcpre- 

g(u,v)«p(f(u»v))=(x,y) sents the reduced viewport of the present invention. An 

operator by means of a knob or the like at the control 
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panel 12 may control the amount of reduction. As the 3. A reduced viewport as recited in claim 1 wherein 

amount of reduction is increased, the outline 82 be- the mapping means comprises: 

comes smaller and smaller and more of the formerly means for matrix multiplying the set of 2-D input 

invisible universe becomes visible around it on the dis- points with a matrix mapping function; and 

play surface 80. Now an operator can manipulate the 5 means for extracting the set of 2-D output screen 

image plane H6 completely out of the outline 82 and points from the matrix product produced by the 

know where it is with respect to the output video moni- multiplying means. 

tor viewing area represented by the outline. FIG. 7 ^- ^ reduced viewport as recited in claim 3 wherem 

shows a second image plane 88 that was invisible in scaling means comprises naeans for multiplying a 

FIG. 6. but which becomes visible on the graphics dis- portion of the matrix mappmg function by the variable 

play 22 when the reduced viewport function is used. jcalmg factor so that the set of 2-D output screen pomts 

Thus the present invention provides a reduced view- ^^"^ ^he extracting means is scaled by a desired amount 

outside the v^ewmg area of an output Video mo^^ the 2-D input points define the comers of a wireframe 

when mampulating video miage planes by perf™^ representing a\ddeo image phme to be manipulated, 

transfbrmauon from a 2.Dmput space to the 2.D graph- ^ ^^^^^^ viewport as recited in claim 5 wherein 

ICS display screen using matnx multiphcation and a j-D input points further define a set of rotational 

vanable reducuon coefficient. wireframe. 

What is claimed is: ^. , 20 7. A reduce viewport as recited in claim 6 wherein 

1. A reduced viewport for use with a graphics display ^j^^ capping means comprises: 

system comprising: means for transforming the set of 2-D input points 

means for generating an outlme of a viewmg area on ^ points; and 

a display; means for projecting the set of 3-D points into the set 

means for mapping a set of 2-D input points into a set 25 of 2-D output screen points, 

of 2-D output screen points for display on the dis- ^ reduced viewport as recited in claim 6 wherein 

play at a desired position and with a desired appar- the mapping means comprises: 

ent perspective; and means for matrix multiplying the set of 2-D input 

means for scaling the outline and the set of 2-D out- points with a matrix mapping function; and 

put screen points in response to a variable scaling 30 means for extracting the set of 2-D output screen 

factor to converge the set of 2-D output screen points from the matrix product produced by the 

points toward the center of the display so that an multiplying means. 

area outside the outline is visible on the display. 9. A reduced viewport as recited in claim 8 wherein 

2. A reduced viewport as recited in claim 1 wherein the scaling means comprises means for multiplying a 
the mapping means comprises: 35 portion of the matrix mapping function by the variable 

means for transforming the set of 2-D input points scaling factor so that the set of 2-D output screen points 

into a set of 3-D points; and from the extracting means is scaled by a desired amount 

means for projecting the set of 3-D points into the set to produce the reduced viewport, 

of 2-D output screen points. • • • • » 
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